13-4
Pyrolysis of tryptophan resulted in more mutagenic activity than did
any other common amino acid, but almost all of the amino acids tested
yielded some mutagenic activity when pyrolyzed (Matsumoto et al.,
1977; Nagao et al. , 1977c).
Purification of the mutagenic products resulting from pyrolysis of
tryptophan resulted in the isolation of two previously unknown amino-Y-
carbolines that are potent mutagens:  3-amino-l,4,-dimethyl-5H~pyrido-
[4,3-vb]indole (referred to as Trp-P-1, for "Tryptophan Pyrolysate 1")
and 3-amino-l-methyl-5H-pyrido[4,3-bJindole (Trp-P-2) (Akimoto et al.,
1977; Sugimura et_ al., 1977; Takeda et_ al., 1977).
The mutagenic activity resulting from pyrolysis of L-glutamic
acid was shown to be due to the formation of 2-amino-6-methyldipyrido-
[l,2-£:3f2f-cT|imidazole (Glu-P-1) and 2-aminodipyr ido [1,2-a :3f ,2'-dJ-
imidazole (Glu-P-2) (Yatnamoto et_ a^., 1978).  The structural simi-
larity between these products of glutamic acid pyrolysate and Trp-P-1
and Trp-P-2 is evident from Figure 13-1.
Wakabayashi et al. (1978) isolated a different, but structurally
related, heterocyclic mutagen from pyrolyzed lysine.  This compound
was 3,4-cyclopentenopyrido[3,2-aJcarbazole (Lys-P-1).  Pyrolysis of
phenylalanine resulted in the formation of the mutagen 2-amino-5-
phenylpyridine (Phe-P-1) (Sugimura et_ £l., 1977).
When soybean globulin was pyrolyzed, the substances that contrib-
uted to the mutagenic activity were compounds not previously identified
as pyrolysis products of any individual amino acid.  These compounds,
2-amino-9E[-pyrido[2,3-bJindole (AaC) and 2-amino-3-methyl-9H-pyrido-
[2,3-bJindole (MeAc^C), are quite closely related to the Y-carboline
compounds Trp-P-1 and Trp-P-2 (Yoshida £t ad., 1978).
Uyeta e£ al. (1979) found that both Trp-P-1 and Trp-P-2 were
present in pyrolysates of casein and gluten.  Yamaguchi et^ al. (1979)
identified Glu-P-2 in the tar resulting from pyrolysis of casein.
These investigators estimated that Glu-P-2 and Glu-P-1 accounted for
approximately 10% of the total mutagenic activity of the pyrolysate.
Analyses have confirmed that at least some of the mutagenic
pyrolysis products of amino acids are present in cooked foods. For
example, Trp-P-1 has been found in "very well done" broiled beef and
Glu-P-2 in broiled cuttlefish, although they account for less than 10%
of the total mutagenic activity in extracts of these foods (Yamaguchi
£L£i*> 1980a,b).  Similarly, sardines broiled to a dark brown color
contain Trp-P-1, Trp-P-2, and Phe-P-1, although most of the mutagenic
activity in these fish was due to the presence of other compounds
(Yamaizumi eit al. , 1980) (Table 13-1).  Pieces of beef or chicken
grilled in a high gas flame contained AaC and MeAaC (Matsumoto et_ al. ,
1981).  Similarly, AaC could be identified in grilled onions.

